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Summary

The concentration of 50 mM Nacl inhibited the shoot growth of P. nigra X maximowiozfi in
viro culture. The punctured leaves have produced so many individuals on MS basal medium with
eytokinin. Especially MS basal medium with BAP 0.8ag/l showed the best shoot performance in
which the average number of shoots wers 127.6.

For selection of NaCl tolerance shoot of poplar, punctured leaves were inoculated on MS basal
medium with BAP 0.8mg/] and various concentrations of Nacl{(from 10 mM to 100 mM graded by
10 mM). On the medium with over 50mM of Nacl, 13.7 to 15.7 shoots were obfained. Especially on
the medium with go mM and 100mM, 10.7 and 8.3 shoots, respectively. The shoots derived from
control medium (non— NaCl) were depressed growth, while the selected shoots from MS with
NaCl showed good growth performancs on MS basal medium with 50 mM of NaCl

From this results, we suggested that the possibility of in vitro selection to tolerance for ino-

rganic salts in forest tree species.

o W

AL EBEsl #HY BE AN £H}n
2lojA fFAHo 75 e WRIFo] Bk 3]
ch. ATHEHEMR L5 B R Eild #ihg
ol K3 W RiTe] iBe] A AE WrlE
gk

Sevhel Bl Mige] A= 400,000 ha
£ ERAE Fo)u) 1986\ 50,000 ha s HEMm T
8} ¢lc} (Chae et al, 1987). 22} o1& 3 714
A= A FAZ AR3P] A8 RS A
4 B 7 A ¥k ol #8 sl kit
o= JdAe] & MAE RS LHE B
o A4 gl ¥ab ohe, Al ERET 9
AE g Ae] w2 AEE o5 508 FR

o] L-g 3}l

tho] 23 wHE B TR EFARKERC K
3 ERIFEM Sl A 2ke] Aeln @ AHvls)
A28v] Emd REH®H 5 oE Ao wuoh
ae FARKES ofald OFFLD HA
3 BHES U] MY 5 9o FiEd &
R A& 5 Uz, @MY Callus & IE8)
KRB FE 5 Rl S Ml HE &
Mt E-S Ed e FRERT FT HAS el
+ 238 9y Jdezd KBRS =24 =%
A 4 2ok @EEEHR ko] FAEMRLT
¥4 A7 wfel o2 da WA AE w3
o) wty] eld ¥ab ohvzl @AE WhaEEe
AT B o #MHE E 4 A Emeyel
o @RAmeR B8 KieMHE EHGE



2

24 FHtEol T WY mEe el S 20
(kb 1986).

MR EEe MRS FAIAT REEEE
iyl (Binzel, 1985 ; Vanlerberghe, 1986), ¥ (C-
hae et al., 1987), Triticum cestivum (Epstein
et al., 1979 ; McGuire, 1981), ¢k4%] (Shannon
et al., 1983), % (Gorham et al., 1986), 3-(0j-
ima, 1983 ; Seeni et al., 198535+ #&d uf
gl ok

e tkokoll #8 e 2 47 Pl Hef
A B s KI miEtEe] B (Park,
1984), #E T MAREIERel K mHRtE fHEE
s (Ben—Hayyimand Kochba, 1983)3 McCor-
mick(1978)0| 67 %o #¥ Aliminum FHES
ME S5 A EH3lch
* e s dhokel A BREEES AAE R
e B RS o Bkl Baikst 4
2 Poplard-%&-%& A& &lod Model WEAZ 2ol

ol MR 32 vm BREE AT
EEe) Fola ME2E FETELR F5 2
Q= FRAUFE Ao sl RFMoRE I
algl HEE o1r] 4% wEY Fxo EEE #
o AF Mol XEEHS BAAT
mgl W Aol & AAe ALE fstd ¥@E
& gtom ASd F, NaCle] mEE o277
2 22 A7 RAel A AAE FiMsto fifE
e B eSS hBmESIYATH

Hi 3 FE

1) FE HE J KRR

okt o] Y FroME RS 1~284% 71
& 3Hel $REE HREAAA M7 ol
ol EWAE 3~4m Aol Az 0% oA RE
o 187k 5% shotda Aol 3¥7 £5F 1%
A shgA gefol 387t WEd of REAKE
28 AME G, BTl A A= A7
t}4) 3| 4A-2-%, BAP 02 s/ 8, NAA 001 mg/ £
2 EmE 1/2 MS EA el A A R
mape] HES Eeidch #Ed 715 MSE
#iz el BAP 0.01, 0.05, 0.10, 0.20, 0.40, 0.80, 1.
00, 3.003}+ 500 =/ ¢ o Fwhngt W=l Hiaste
308 7F Wk & Er19 F4 HEE 4 3l
* BB A & BHE ERUEIE R £ o

H E7E ohA £EPEGIHmEC] HEA %
MS HAHe] &44 £ES 23k EF
gl £RS welx 27 2 wes AAH e
zA 3 e kel #Msislct

2) 4o = RT3 WRW Mo ARAGY
ol H3 K

o4 FEIF ik e #E EHRAA
#GITo] 16~2lmo] =9Y L HME $o
2 g ¥Y 40~50 @] 7H-E Bl MS &
#ul Aol Auxino ZE 24D, NAA, IBA, TAA
o 47" BFE 77t 001, 0.0, 0.0, 050, 100,
1.50, 2.00, 250, 3.00, 350 =g/ ¢ FEE o S
o o 5], Cytokinine.24 BAP, 2ip, Kinetin, Zea-
tin 47} HEES 0.1, 0.2, 04, 0.6, 0.8, L0, 2.0, 3
0, 40, 50 m/ 0 2 WG NAE wEe] ow
2 migs el ol 5 WAl I ExRES A
2 5l3 YUede] wAle] B=E A SE Abaxial
s olo} Wiz Ael@ Adaxialficl BT KM
5 &% FAI4A

3) Aol K3 ERENA BWETD H#S
a4 A #@E

o3 AT S MS EAEH A
Kfo] -2 ARAGWKe FHI WA &
K § 3080 ¥ £ ot AR M
& 3~5mt 272 Ay o 2 AHE A
A shebdl AHE WEFHck

FAA oz BEEd F 1247 Al 70% ol
A otFol REF AT 50% oA dFel 0+
oy AAG T 4 Rk B =} mERe
gtk BAE AR #kelelsl (46~48C)o2 B
EA7) & oA mslelbs (56~58C)ez @i
5 fkel BEEAA HAA olo| AZE o2 104
me] S 5] flazydiles =¥
§ ~gholo ol HaAFch AR YR o
ES BrEs7] Hstd —fy Kk S A

2 dgen, duiEAgda AZepdes &
w3, oA kAR AR 10~20%3
EEste EMLAZ Hee Avashaz g
Canada balsame 2 At} 60°CE A=A
F EEiREE Tol A BE e

4) BR FAM B3 NaCl MEER SRR

xeEaps LE) kERME £7)E 35m (i,
2 y—aA 2AEe EEAEWEE HNkA



22 MS BA#EHo] 10, 20, 30, 40, 50, 60, 70,
80, 90, 100 mM2} NaClZ #®inshe] nhe Hesgs
ol HEfESle] H1E 487% o) 8Btk EHRES
Z AL g ).

5) o2 AF§ EEEA A NaCl gt 858
E

EEREE gho 2 253 HHE BAP 08m/ (¢
7b Fhngt MS ZA# ol NaClg 10, 20, 30, 40,
50, 60, 70, 80, 90, 100 mM~}A] 10%kA 2 #Hm s}
of RhE Ethel] HerEste] EMEE 4B 8Bk
Bl mss WEeldch & AR g%
& i8S NaClel #44 % BES w7
A3 AL A8l Nall F=8t & mEa
NaCld #ngd #ie &7 48# SHhes
A5t el

EEAGWES Hiskx] L 1/2MS ks
tholl E #HAT Aol BAS EEES o4
slo] EfER VB R %o BWIE RES WExs gk

BmR U EE

D FESF HE Y RREM

MS 452 Hiol]l BAP 0.2mg/ ¢ 9 NAA O.lmg/ ¢
T Hnsted FEFE HEY F REAI £
T REWRMAZ #Re £-194 Ao

Table 1. Effect of BAP concentrations om in pitro
shoot multiplication of Populus nigre X maxim-
owiczii on MS basal medium after 30 days in cul-
ture

BAP concentrations Mean number of multishoot

(mg/1} (mean 30D
0.00 3.8 = 228
0.01 44 & L8
0.05 30+ 188
0.10 144  + 261
0.20 96 + 42
0.40 64 £+ L4
0.80 20 £ 255
100 L2+ 184
3.00 L2 £ 130
5.00 22+ o034
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718w 14449 27 4ES Rylod, g4
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Table 2. Effect of auxins on morphogenetic responses in punctured leaves

Types and concentrations
of auxin (mg/1)

Mean number of root + SE

Mean fresh weight of callus + SE (m)

Abaxial side

Adaxial side

Abaxial side Adaxial side

24-D 001 — — - -
0.05 - 12 + 04° 948.2 + 169.8 -
0.10 - 20 + 04 2303.0 + 490.4 -
0.50 - 1.8 £ 05 1370.4 + 126.4 -
1.00 - - 1137.8 + 1217 137.8 + 240
1.50 - - 10014 + 90.6 1452 + 105
2.00 - - 553.4 + 827  289.2 + 420
2.50 - 944.0 + 887 6260 * 520
3.00 - - gOB0 + 412 1320 + 202
450 - - 7064 + 516 ~
NAA 001 0.4 + 04 - - -
0.05 40 + 07 -
0.10 9.8 + 1.2 - - -
0.50 1036 + 7.1 11.8 + 1.0 - -
1.00 478 + 39 542 + 3.2 - -
1.50 33.7 + 44 75.0 t 4.4 40 + 80 560 £ 232
2.00 4.5 + 2.2 223 + 7.2 12260 + 334 740 + 326
2,50 120 + 06 348 + 4.6 607.7 + 825 1824 * 667
3.00 75 + 05 405 + 0.9 180.0 + 434 1864 + 624
3.50 3.0 + 3.0 124 + 20 540 + 09 -
IAA 0.01 - - - -
0.05 - 1.2 + 08 - —~
0.10 04 + 02 1.2 + 0.4 - -
0.50 0.6 + 0.4 1.8 + 0.4 - -
1.00 22 + 04 12 + 0.3 - -
1.50 32 & 0.4 1.6 + 0.3 - -
2,00 40 + 10 2.6 + 0.4 - -
2.50 48 + 10 20 + 05 - -
3.00 14 £ 05 34 + 04 - -
3.50 0.6 + 0.4 1.0 + 03 - -
IBA 0.01 04 + 04 - - -
0.05 02 + 0.2 - - -
0.10 1.0 &+ 06 38 + 07 - -
0.50 34 £ 10 20 + 07 - -
1.00 120 + 16 158 + 12 - -
1.50 162 + 3.6 136 + 1.3 - -
2.00 188 + 14 148 + 1.3 - -
2.50 182 + 37 4.8 + 27 - -
3.00 132 + 40 360 + 4.6 - -
3.50 420 + 20 406 + 41 - -
Con - - - -

» Each value represents the mean

+ SE of 5 replications (after 6 weeks in culture)
v Abbreviations ; 2,4—D ; dichiorophenox yacetic acid, NAA - naphtalen acetic acid, IAA | indole

kacetic acid, IBA ; indelebutric acid, Cen ; control (lacking growth hormone)

¢ —sign;no response

Wag ¥och
IBA2] EME 104 AT L5 $aojdd §g4E
stglon], JAANCHE AwtAes B 47t #
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st

AuxinfhRE 24-D2) ifnels <3ie) $2
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7= o} olx AuxindERcl BRI F
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& glgen] ®eju) B4 Auxin FHol ot
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1,2,3).

# Siddo] Ehdlol ¥ & v Abaxial A
g]lg} 1 K Adaxial A8l 2o+ Abaxial
27} Adaxial¥a2che ¥ F& KEE



Table 3. Effect of cytokinins on morphogenetic responses in punctured leaves

Types and concentrations Mean number of shoot + SE
of cytokinins (my/1) Abaxial side Adaxial side
BAP?® 0.1 1.8 + 0.9° 0.2 + 0.2
0.2 22 x 09 0.2 + 0.2
0.4 13.8 + L1 3.0 + 1.0
0.6 182 + &5 724 £+ 138
0.8 1276 =+ 4.1 49.4 + 120
1.0 700 + B9 27.6 + 53
20 622 + 94 262 & 8.6
3.0 544 + 9.9 23.4 +* 6.4
4.0 30 £ 09 20.6 + 3.2
5.0 06 + 04 80 £ 1.0
2ip 0.1 - —
0.2 64 £ 03 —
0.4 06 L+ 04 -
0.6 64 £ 03
0.8 30 £ 07 -
1.0 20 = 1.0 1.2 + 0.4
2.0 3z + 10 0.6 + 0.4
3o 54 + 0.8 1.6 + 0.5
4.0 162 + 1.2 1.0 + 0.5
5.0 62 + 1.2 —
Kn 0.1 - —
0.2 - —
0.4 - —
0.6 1.6 + 0.3 —
0.8 22 + 04 —
1.0 50 + 07 0.8 + 0.4
2.0 2.0 + 2.0 0.2 + 0.2
3.0 24 + 09 0.8 + 0.4
4.0 08 + 04 0.8 + 0.4
5.0 — -
Zea 0.1 - -
0.2 — 0.4 - 0.4
04 330 £ 61 -
0.6 264 £ 31 14.0 + 1.2
0.8 212 + 20 17.6 + 2.1
1.0 956 + 100 11.4 + 5.0
2.0 812 + 6.1 9.0 + 2.8
3.0 666 =+ BS5 67.9 =+ 3.0
4.0 372 + 59 234 + 2.7
5.0 294 + 20 10.2 + 1.0
Con — —

2 Each value represents the mean = SE of 5 replications (after 6 weeks in culture)
b Abbreviations : BAP ; 6-henzylamino purine, 2ip : isopentenyl adenine, Kn ; Kinetin, Zea ; ze-

atin, Con ; control (lacking growth hormone}

'S

—sign; no response
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ow] ZE7)o] BAeRe FEF K KEEM
Bt Y& 5o HEAES Jebie %3] BAP 0.
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mg/ ¢ A& FollA 16274, Kineting 20m/¢ 3
Z] el 4] 2107 ¢S4 &2 viEll o] BAPv Ze-
atin A 2)-7oll LA of¢ w2 K-S ¥ gt

Cytokinin®] EEMHRE = AuxinggBo) o} v}
#A71A R s $%5ef sl BHEY Abaxial

gL Adaxial EER o} Ryt 24 Vel

Cytokinine] Ffroll w2 KM Lale] ZE &
Bl 4 £% % 7](Shoot)wl FRLE o), E71R
R, il =)ol #indh Cytokining] fEf e} WA
oe} & ERE ehlch

3) #=Tol Y FEEEANA RET M
BRI BB

EES $to2 A% ks BAP 08m/ ¢ o
el A T 24 KRR 7l = Gk
ol #9 8l FlhE F2 FAEE 9L 4+ ddd
choedzlel 4 FE el S Hans i
o8 AR R §te= Held T F91 Aol
4 Callusz RS 94 goMEst oA (st
BEw sle® e € 7 dddeb(Plate-4,5).

$to g A 99 MigelA Callus7t ¥
o] e gem o Callusol4 & ¥}
2 EAL7) Aoy AL BAY 4 Ak ¥
A 2o glge v EHEEe) e dY
& e oz 22 4 olglen], WAldated
oloji} MR HALE i8] EEM Wit

W47 4 9127 o] tH(Stavarek & Rains, 1985).

4) gl HE NaCl mER KK #AXE
FrEdpol A B KRB E BABE N
feo 4] NaCl i#tigol 8 RS AxY A3t

Table 4. Effect of various NaCl concentrations on
shoot development

Concentrations of Length of shoots(m) + SE

NaCl (mM) After 4 weeks After B weeks
0 5.4 + 097 * 69 + 0.35 **
10 49 + 1.24 5.8 + 0.37
20 4.0 + 1.34 45 + 0.15
30 3.9 + 0.94 43 + 0.12
40 4.0 + 1,12 4.6 + 0.07
50 4.0 + 1.02 4.2 + 0.32
60 3.5 + Q.05 3.4 &+ 0.03
70 3.4 + 0.16 34 £ 003
80 34 + 0.32 3.4 + 0.09
90 34 £ 043 3.2 + 003
100 34 + 038 3.5 + 0.03
¥ Kach value represents the mean + SE of 3 re-
plecations

** MS hasal medium with non-phytohormone

B 49 ¥ —5o]u}

B4+ 27 £ES #AEY A2 NaClip
7} S0mM7bR) = 455 05m AR AL
ehflen, 82%olE 0.7 AEo] £ES Roch
e} 60mM o] A g Al M A K
£o] Pk At

# 5% ¥e)o BERES Vel 2o 2 50mM
7hA = Wele) @Ee] RIFY Mo TomMel A

Table 5. Effect of various NaCl concentrations on
root development

Concentrations of Length of roots(m) + SE

NaCl(mM) After 4 weeks After 8 weeks
0 2.4 + 0.72* 3.0 &+ 0.5g**

10 2.2 + 0.34 25 + 0.29

20 1.7 + 0.25 2.0 + 0.29

30 1.8 £ 0.42 20 + 029

40 1.5 + 0.26 1.7 + 0.17

50 2.2 + (.43 2.5 + 0.50

£0 0.7 + .63 1.2 + 0.44

70 2.1 + 0.50 25 + 0.29

80 1.3 £ 017 1.8 + 0.50

90 0.2 + 0.16 0.4 + 0.10

100 0.2 + 0.32 0.6 £ 0.27

¥ Fach value represents the mean + SE of 3 re-

plications

** MS bhasal medium with non-phytohormone

21mz bEe F£ £HE Rolm glE AL
Bitelnl EiRElA = BWEel Y FRd A
o7 vpebyte

Z 7|9 ) AHRES B &2 Nall
MEE 7L 50mM Ll ko) =9 Al £F AW R”R
o] VEhA Aol FWEed HoER HEEN
t}.

NaClel el 2% RE-S Hityige) HEmel
BEde] ol e ERE Jelhdd. B
e kiAo 74 279 Y] gke] 50mM
oA &gs Beldg BEY & d4dk

wie] 7% Callus L RET &FF 15% L
[} NaCl igfEel A= #3 A8 #ako] Jelxk
or] (Chae et al, 1987), Alfalfas) 7§ 05%
¢} NaClo|4] #ifEFo]l ksl (Stavarek
& Rains, 1985), Nicotiana tabacumsl E7] &%

o 140mMel| A 3-€] 280mM Aolell 4, ¥ H
F2 70mMol| 435 140mM pojell 4] Al a}A A
#uki= o 2 #§&£5 900} (Pav & Thorpe, 1986).

5) $+A1= ol HER el g Nall
Wit R B



- $lo2 Fol4 MS HAEMo| BAP
0.8mg/ £ 5 HME £, NaCl gpe-E 1004 100mM
742 10004 Z71AA s =lel A i B
ERES AL A o] &6k

NaCl #mifin dEwol 4] 453 %0f 57.3M@e e
T4 Ftert Bagdl K3 10mM A2 Tl A&

4217, 20mMel] A{= 3147, 30mMejlA]= 24,57,

Table 6. Proliferation of shoots from punctured
leaves grown on MS medium supplemented with
BAP 0.8a/ ¢ and various concentrations of NaCl

Concentrations of Number of shoots per ieaf + SE

NaCl(mM) After 4 weeks After 8 weeks
0 57.3 + 4.21% 93.7 + 3.35
10 42.1 + 3.68 52.7 + 3.18
20 314 + 3.52 440 + 2.65
30 245 + 412 33.3 £+ 240
40 225 + 2.67 26.3 + 3.48
50 53 £+ 212 15.7 + 1.20
60 6.3 + 0.67 19.3 £ 0.33
70 6.5 £ 1.24 18.0 + 2.08
80 4.3 + 0.65 13.7 + 2,03
90 2.1 + 0.54 10.7 + 2.03

100 1.2 £ 0.74 8.3 £ 1.45

* Each wvalue represents the mean * SE of 3 re-
plicaticns

40mMeol A& 22518 Az 243kctr 50mM
P E N8l HE 2#3) 4 ste] 50mMol 4] 5.37,
60mMell 4] 6371, TOmMei|l4 6.57], 80mlMel A
437, 9OmMeo4 217, 100mMe]A= 1272
Aot ok o) S0mM o] Mol EME #L

Fabe) EgmEr) mElgl o ¢eo R Ko &
Barel M= B8 Eto] Mz ok

8%l = NaCl &ifhn BiolA 93.7R2 B
£ 9] Bl WA sl =3 NaCl i &
Aol 4 o] WMEMiEHE W2 Holgioy, 435
HRol A we EiRs) BEddd.

47 3ol NaCl iREE7} 50mM Ll kel Hz+
ol 4 (AT ZEs] WP ey, 8L
327t el 40mM 2637, 50mM 1577,
60mM 19.370, 70mM 18.07, 80mM 1377, 90mM
10770, 100mM 8.3-02] {H¥E WAL el
ol 7loll A A A28 EE8E-S FUERE ] R
¥ NaCl imgES} o o)4te] ko 2 RIMZ
ohE, NaCl fEHE #AEY &% S0mMolA 3
#:% ShootE 50mMel H#TF BREEME F
Bl ¥ S ¥l B, 50mMojl A sl Sh

7

oot I LAbeo el #E3 HEE} 50mM
Bkl A e 275 22 @ 3 2 B9
RE HHES IS wWols kEo] FAsE AL
A2E 5 9led)

b d o2 53 e FHEY —kine
2 g4 T BRYwo] BiE NaCl mEs
0mM & #ET 4 Yok S0mMols U
717 B BE A7 2, o] RS MR 2
KBS B3 Wl LEY Aoz Yzyg
et

—k ERRMAERY &M BIEREE SRE
o)A v RAY4E RRT A4 FE velyo
o, iR B R A SRFEGHE ] win=a 2
2 1/2MS 712 $7 F 30d ) AviA A
ET #R 10mM A2 T9 20mM Ha] P&
100%, 30mM A 2] el 4= 60%, 40mM # 2) o]
A= 40%, S50mM A2 Fol A v 209 WiRZES
velWed 2 L RS EHE #iRe] slx g
ket

Table 7. Effect of various NaCl concentrations on
root formation after 30 days in culture

Experiment set Concentrations Rooting
of NaCl{mM) efficiency (%)
N1 10 100
N2 20 100
N3 30 60
N 4 40 40
NG 50 20
N 6 60 0
N7 70 Q
N8 80 0
N9 90 0
N10 100 g

Paug (1985)e] wivfo] 3H4R Wikel oMz
0.756~1.0% 9] Na:S0, & #mg w4 169
Al ul o3k o] ol o} FERe] HYSE v A
o teEestel RS 48 o e Alzke] 4
3 Aoz mMgu

fERERkol 3 MNRe] MR- B Bk
apel odouin] o] H& HMEMEME et kit
ol A& otz #4#5 v 9)c}(Ojima and Ohira,
1983).

Ojima 9} Ohira (1983)%= <+ ul] okilAp ol A
AluminumiB g o) HEH#HE o) w2} 32i8%) @R
ol 4 BFar{b¥ Ei8-] 2L 2R wES JiA
2 e Aoz wale] BAERH THERS A
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A o ok

M) ME W= o (Pau et ol., 1985),
# (Chae, 1987 ; Nam, 1985) SollA 8|3 &%
2 Y v glch

HoAke A% Park (1984)& £ubF 57 fitfEe]
B3 HEMES ARiEdEECl fid] HitER) MRE
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Plate Legends

Plate 1. Callus formation from punctured leaf su-
rface on MS basal medium with 2, 4-D 0.1m/1
after 30 days cultured

Plate 3. Shoot buds derived punctured leaf surfa-
ce(abaxinl side) on MS basal medium with BAP
0.8 =g/l after 30 days cultured

Plate 5. Shoot development on nen-phytohormone
MS medium with various conecentrations of Na-
Cl treated medium (non—NaCl(Control), 10, 20, 30,
40, 50, 60, 70, 80, 90, 100mM NaCl ; Right to left)

Plate 7. The growth of shoots derived from pun-
ctured leaf surface on MS basal medium with
BAP 0.8mg/1 and 50mM NaCl(cultured 5 days,
10, 15, 20, 25, 30 and 35 days ; Right to left)

Plate 2. Multiple roots inducted from punctured le-
af surface on MS basal medium with NAA 05

ag/1 after 30 days cultured

Plate 4. Microscopical investigation of vertical se-
ction of punctured leaf callus tissue(bar =0.05=)

Plate 6. Multiple shoots initiation from punctured
lenf on MS basal medium with BAP 0.8m/l and
various concentrations of NaCl after 8 weeks cu-

ltured

Plate 8. Habituation of plantlets derived from in
in witro cultured shoots in green house
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Plate 1.

Plate 3. Plate 4.

/\

‘Plate 6. '
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Plate 7. Plate 8.



